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1. Introduction qH20H 
Lectin binding to a glycolipid inserted in phospho- 
lipid vesicles eems to require that the carbohydrate 
group extends ome distance from the hydrocarbon- 
water interface. Thus, vesicles containing adiglycosyl- 
ceramide, but not a monoglycosylceramide, could be 
agglutinated by Ricinis communis agglutinin [ 11. The 
same lectin could agglutinate glycolipid-phosphatidyl- 
choline vesicles if the glycolipid contained a 13- or 
22-member, but not a 4-member, spacer arm between 
the hydrophobic part and the carbohydrate group [2]. 
The interpretation favoured in [ 1,2] was that the 
lectin can only bind carbohydrate that extends beyond 
phospholipid head groups on the vesicle surface. If so, 
lectin binding to vesicles in which the lectin-binding 
group is properly located with respect o the hydro- 
carbon region might be sterically regulated by the 
(hydrated size) of surrounding phospholipid head 
groups. 
Fig.1. Structure of the synthetic glycolipid octadecyl- 
maltobionamide. 
Here, a synthetic glycolipid [3] containing a
4-member spacer arm (fig.1) has been inserted in vesi- 
cles differing in polar head group structure and con A 
has been used as the lectin. The results obtained lend 
support o the above idea and suggest that lectin- 
glycolipid interaction could provide a simple and sen- 
sitive probe for studies on the ‘effective size’ of lipid 
polar head groups and its modulation by counter-ions. 
icals (Heidelberg). Pure phosphatidylcholine from soy 
bean (Epikuron 200) was obtained from Lucas Meyer 
(Hamburg). F’hosphatidylethanolamine was isolated 
from egg yolk [4]. Phosphatidylinositol from soy bean 
was isolated from a crude preparation (Epikuron 510, 
Lucas Meyer, Hamburg) by chloroform extraction fol- 
lowed by column chromatography on CMcellulose 
[S]. Phosphatidate and phosphatidylserine w re pre- 
pared from soy bean phosphatidylcholine using phos- 
pholipase D (Boehringer, Mannheim) in the absence 
or presence of Gserine, respectively [5] and were iso- 
lated by chromatography on CM-cellulose. F’hospha- 
tidyl-[Me-3H]choline was prepared as in [6] and was 
isolated by column chromatography on silicic acid. 
Octadecyl-maltobionamide was synthesized as in [3] 
and further purified by preparative thin-layer chroma- 
tography on silica gel G (chloroform-methanol-4 M 
ammonia, 65:35:5, by vol.). 
2.2. eeparation of lipid vesicles 
2. Experimental 
2.1. Materials 
Concanavalin A was obtained from Serva Biochem- 
Abbreviations: con A, concanavalin A; OMBA, octadecyl- 
maltobionamide 
Appropriate phospholipid(s) and OMBA (6 pmol 
total lipid) were mixed with 5 nmol [ 3H] phosphatidyl- 
choline in chloroform solution and the mixture evapo- 
rated to dryness. Small unilamellar vesicles were pre- 
pared by sonication in 2 ml 0.1 M NaCl-20 mM 
fV-2hydroxyethyl-piperazine-W-2ethanesulfonate 
(pH 7.2) (buffer A) essentially as in [7]. 
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2.3. Assay of let tin-induced agglutination 
Sonicated vesicles (0.2 pmol lipid) were incubated 
for 45 min with con A and additions as indicated in 
1 ml buffer A at 2O’C. The assay mixture was then 
centrifuged for 15 min at 4500 rev./min in a fixed- 
angle rotor and the radioactivity of the supernate 
determined by liquid scintillation counting. Control 
experiments showed that extending the time of incu- 
bation to 3 h did not significantly change the results. 
3. Results and discussion 
In agreement with [g] we found that sonicated 
lipid vesicles containing OMBA and phosphatidylcho- 
line did not agglutinate when incubated with con A 
(fig.2). However, replacement of up to half of the 
phosphatidylcholine with phosphatidylethanolamine 
gave vesicles which were increasingly sensitive to 
con A-induced agglutination (fig.2). As expected, mix- 
tures of pure (egg) phosphatidylethanolamine a d
OMBA did not form stable vesicles. As in all other 
experiments in this report, agglutination was com- 
pletely reversed by methyl&-D-glucoside (5 mM) but 
in these zwitterionic vesicles agglutination was only 
slightly affected by Ca” (1 mM). Although con A 
must contain bound Mn’+ and Ca’+ to function as 
lectin [93 these ions are only slowly removed by 
EDTA at neutral pH. 
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The same glycolipid was also incorporated in vesi- 
cles of phosphatidylinositol, phosphatidylserine or 
phosphatidate (fig.3). In the absence of divalent ions, 
Fig.2. Con A-induced agglutination of neutral glycolipid- 
phospholipid vesicles. Sonicated lipid vesicles containing 
20 mol% OMBA and 80 mol% of either phosphatidylcholine 
(0) or phosphatidylcholine-phosphatidylethanolamine (3:l) 
@,A) or (1: 1) (v,v) were incubated with con A in buffer con- 
taining 1 mM EDTA (open symbols) or 1 mM Ca2+ (filled 
symbols). Agglutinated vesicles were separated by centrifuga- 
tion and radiolabeled vesicles remaining in the supernate were 
determined. 
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Fig.3. Con A-induced agglutination of anionic glycolipid-phospholipid vesicles. Sonicated vesicles containing 20 mol% OMBA 
and 80 mol% phosphatidylinositol (A), phosphatidylserine (B) or phosphatidic acid (C) were incubated with con A in buffer con- 
taining 1 mM EDTA (---) or various concentrations of Ca*+ (mM, -) as indicated. 
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con A-induced significant agglutination only in glyco- 
lipid-phosphatidate vesicles. Therefore, it is unlikely 
that the lack of agglutination of phosphatidylserine 
and phosphatidylinositol vesicles was due to electro- 
static repulsion between vesicles or between con A and 
vesicles. Indeed, the charge density of OMBA-phos- 
phatidate vesicles at a bulk pH of 7.2 should be higher 
than that of the other anionic vesicles tudied [lo]. 
The addition of Ca*+, which only weakly affected 
the zwitterionic vesicles, dramatically enhanced 
con A-induced agglutination of all the anionic vesicles 
(fig.3). The effect of Ca*’ showed quantitative differ- 
ences among the 3 anionic lipids decreasing in the 
order phosphatidate, phosphatidylserine and phospha- 
tidylinositol. Ca*’ alone causes aggregation of anionic 
lipid vesicles at concentrations higher than those used 
here [ 11 ,121 but significant association of Ca*+ with 
phosphatidylserine occurs already at lower concentra- 
tions [ 12,131. Calcium causes creening of the nega- 
tive surface charge but, in the case of phosphatidyl- 
serine, this effect is insufficient o explain the drastic 
increase in transition temperature, the fusion and col- 
lapse of vesicles and the virtually complete dehydra- 
tion that follows exposure to sufficiently high [Ca”‘] 
[ 121. The dehydration of the phosphoserine group, 
caused by Ca*+ binding, is likely to be of central 
importance for the fusion induced by this ion [ 141. 
Ca*‘-induced fusion of phosphatidate v sicles and the 
lack of fusion of phosphatidylinositol vesicles [151 
also emphasize the importance of Ca*‘-induced modu- 
lation of the hydrated size of lipid polar head groups 
for vesicle fusion. 
T’his study shows that con A-binding to the glyco- 
lipid OMBA is highly sensitive to the structure of 
surrounding phospholipid head groups. Among zwit- 
terionic phospholipids phosphatidylethanolamine, 
but not phosphatidylcholine, enhanced lectin-induced 
agglutination. The head group of the former may be 
smaller and less hydrated than that of the latter phos- 
pholipid [ 161. Among the anionic phospholipids 
studied phosphatidate did not prevent lectin-induced 
agglutination i the absence of divalent cations. In 
contrast, phosphatidylinositol vesicles required rela- 
tively high concentrations of lectin for agglutination 
even in the presence of near aggregating concentra- 
tions of Ca*‘. The similarity between the effects of 
polar head groups on con A-binding on the one hand 
and on Ca*“induced vesicle fusion on the other 
[ 15,171, suggest that they may be exerted by related 
mechanisms. Steric hindrance of con A-binding, vary- 
ing with the bulkiness and degree of hydration of the 
phospholipid head groups, seems to be a reasonable 
explanation for the effects observed here. 
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